A PCR-based procedure for detection of C. botulinum C and D in corn silage samples was validated. During the validation, method specificity, sensitivity, and accuracy were determined according to PN -EN ISO 16140:2004. Additionally, the specificity of the validated methods was proved by sequence analysis of PCR products obtained from examination of samples connected with botulism cases in cattle and mallard ducks. Limit of detection was estimated according to the Spearman -Kärber formula and expressed as LOD50. The obtained results showed that a 100% specificity was achieved. The sequencing of PCR products revealed 99% identity with sequences of bont/C and bont/D genes deposited in the GenBank. The sensitivity value ranged from 63.3% for C. botulinum type C to 75% for type D. The accuracy value varied from 72% for type C to 81.3% for type D. LOD50 was estimated at the levels of 0.272 (0. D 188-0395) spore/g for type C and 0.17 (0.1-0.289) spore/g for type D. The described PCR-based procedure enabled detection of C. botulinum C and D at the stage of liquid culture. This makes examination of feed samples possible without isolation process. The presented procedure could support the diagnosis of botulism by faster and specific laboratory examination process.
Introduction
Botulism is a highly fatal disease, which could affect human and animals. The symptoms of the disease occur after action of botulinum toxins, which are produced by Clostridium botulinum strains. There are eight botulinum toxin types marked by the letters from A to H. In addition, toxin sub-serotypes have also been reported (3, 12, 22) . Botulism in animals occurs most frequently after consumption of feed contaminated by botulinum toxins (BoNTs) or C. botulinum spores. Generally, botulism in animals is caused by C. botulinum type C and D. In the environment, there are the strains, which are able to produce mosaic toxins that are essentially hybrids of BoNT/C and BoNT/D, which are also considered as causative botulism agents. The mentioned subserotypes are BoNT mosaic proteins of C and D toxins. The sub-serotype marked as BoNT/CD approximately consists of two-thirds BoNT/C and one-third BoNT/D, while the BoNT/DC is approximately two-third BoNT/D and one-third BoNT/C (16, 17, 22, 23) . In some cases, toxins produced by A, B, and E C. botulinum strains are also regarded as causative botulism agents.
Despite the fact that occurrence of botulism is not frequent, the disease is common worldwide. High probability of botulism occurrence is associated with phosphor and proteins lacking areas, e.g. regular presence of the disease among cattle in Southern Africa and sheep in Australia (20) . In many cases, botulism outbreaks are very difficult to control. Sick animals could spread C. botulinum spores, and transfer indirectly to other animals by contamination of feed and water. Botulism symptoms in animals are most frequently observed after consumption of intoxicated feed. Less frequently, the symptoms occur after intestinal toxicoinfection, which is caused by spores changing into vegetative cells, and their in situ growth in the intestine. C. botulinum can originate from soil (rich in organic matter), floodplains, wetlands, and chicken manure. Consequently, it can cause risk of botulism outbreaks by transfer into plants and water (9, 19) . Feeding improperly prepared silages is one of the most common causes of botulism in cattle. Recently, fertilising crops by fermented residues from biogas plants is suspected of botulism cases in Germany. This theory is supported by chronic botulism occurrence in northern Germany, where the highest number of biogas plants occurs (14, 19) .
The isolation and identification of C. botulinum is very hard. Until now, the selective medium, which enables isolation of all toxin types does not exist. C. botulinum species belongs to biochemically and genetically diverse microorganisms, which are classified with other phenotypically similar clostridia to four metabolic groups. These physiological groups are based on proteolytic and saccharolytic characteristics, acid and alcohol fermentation end products, ability to grow at low temperatures, heat resistance of spores, and ability to grow in the presence of acids, alcohols, and salts (11, 12) . Besides C. botulinum strains, other clostridia, e.g.: C. sporogenes, C. butyricum, C. beijerinckii, C. acetobutylicum, C. novyi, C. haemolyticum, C. subterminale, C. proteolyticus, C. argentinense, and C. schirmacherense are also classified to the mentioned metabolic groups (4). Because of existing diversity and problem with identification of C. botulinum, the development of specific methods, based on the phenotypic examination of suspected strains, is very difficult. Traditionally, the mouse bioassay is used for detection of this pathogen, despite the fact that it is time-consuming, and causes ethic dubiousness (9, 20) .
The aim of the study was validation of previously developed (9) procedure for the detection of C and D C. botulinum toxin types in silages samples using PCR-based methods for specific detection of ntnh, bont/C-Lc, and bont/D-Lc genes.
Material and Methods
Material. Twenty samples of corn silages at three levels of contamination were analysed (Table 1) . Twenty non-contaminated samples of corn silages were also examined. The contamination was conducted with spores of C. botulinum NCTC 8548 (type C) and C. botulinum NCTC 8265 (type D) strains according to methodology of Fletcher et al. (7) . The study was also conducted on samples from botulism cases in animals. Two samples of straw silages from botulism affected cattle (collected in 2008) and one sample of mallard duck intestines (collected in 2009) were analysed for the presence of C. botulinum. Previous laboratory diagnosis of botulism in the mentioned cases was conducted using mouse bioassay according to the AOAC methodology (1) with the use of commercially available equine antiserum for C and D toxins (Health Protection Agency, U.K.). Mouse bioassay showed the presence of BoNT/C and BoNT/D in the serum of blood collected from sick animals (unpublished data).
Culture and DNA extraction process. Each sample was inoculated to the bottles with 90 mL of TPGY broth and incubated under anaerobic conditions at 37°C for 48 h. Subsequently, several drops of liquid culture in TPGY broth were inoculated onto WillisHobbs agar and fastidious anaerobe agar (FAA) medium plates. The inoculated plates were incubated at 37°C for 48 h. In the evaluation of the obtained cultures -shape, size, and lypolytic and proteolytic features were taken into account. The DNA was isolated, from 1 ml of liquid culture and from several characteristic colonies obtained on the agar plates, using commercial kit (Genomic Mini AX Bacteria, A&A Biotechnology) according producer's instruction. The isolated DNA was examined for C. botulinum and its toxotype genes using PCR technique.
PCR detection. In the study, PCR method was used according to the previously described protocol (9) . The real-time PCR screening method was used to detect ntnh gene, common for all C. botulinum strains. The amplification was performed with seven primers and TaqMan probe, which are presented in Table 2 . The final volume of reaction mixture was 20 μL and contained: 5 μL of DNA template; 4 μL of LightCycler TaqMan Master (Roche); 0.7 μM of each primer, and 0.24 μM of NTNH410 probe. Thermocycling was performed in the LightCycler 2.0 instrument (Roche). Following a 10 min activation step at 95°C, reactions were subjected to 40 cycles at 95°C for 15 s, at 42°C for 15 s, and at 55°C for 60 s. Fluorescence data was collected after the third step of each cycle (55°C).
The determination of C and D C. botulinum types was conducted using PCR, and the products of amplification were detected on agarose gel. This method enables the detection of bont/C-Lc and bont/DLc genes, which determine the presence of light chains (Lc) in BoNT/C or D serotypes and in their mosaic subtypes. However, the method does not allow for differentiation between BoNT/CD and DC subtypes. The primers sequences used in PCR are presented in Table 3 . The volume of each reaction equalled 25 μL and contained: 5 μL of DNA template; 2.5 μL of 10xTaq buffer (Fermentas); 0.3 μM of each primer; 4 mM of MgCl2 (Fermentas); 200 μM of dNTP mixture (Fermentas); and 1.25U of Taq DNA polymerase (Fermentas). Thermocycling was conducted on T1 thermocycler (Biometria). Following an initial denaturation step at 95°C for 60 s, reaction was subjected to 30 cycles at 95°C for 30 s, at 55°C for 30 s, and at 72°C for 3 min. The final extension was conducted at 72°C for 3 min. Gel electrophoresis of PCR products. The gel electrophoresis was conducted on 2% agarose gel stained with ethidium bromide and run in 1xTBE buffer (Fermentas) for 1.5 h under 100 V. Ten microlitres of reaction mixture and 2 μL of loading buffer 6xDNA Loading Dye (Fermentas) were loaded into each well. The molecular weight of the obtained products was determined by comparison with a molecular weight marker -GeneRuler™ 100bp DNA Ladder Mix (Fermentas). After electrophoresis, PCR products were analysed under an UV light transluminator (Vilber -Lourmat).
Validation parameters. Specificity, sensitivity, and accuracy were estimated according to PN -EN ISO 16140:2004 (2). The specificity was also proved by examination of DNA obtained from C. tetani, C. chavouei, C. sporogenes, C. oedematiens, C. septicum, C. sordelli, C. pasteurianum, C. novyi, C. fallax, C. histolyticum (own isolates), and C. perfringens (ATCC 13124). Formulas used in estimation of the parameters were previously described (8) . Limit of detection (LOD50) was estimated according to Spearman -Kärber method in 95% confidential interval. The algorithm of LOD50 was used according to the AOAC documents (1) and previously described by the authors (8) .
Sequencing. The specificity of PCR products characteristic for C and D toxin types were proved by sequence analysis, which was conducted in the Department of Microbiology of the National Veterinary Research Institute in Pulawy. Read out sequences were analysed using BLAST algorithm available in NCBI bioinformatics tools.
Results
The examination of corn silage samples contaminated by C and D reference strains showed that 100% specificity (SP) was achievable for strains of both toxin types. The products specific only for the C. botulinum C and D types were detected. The sensitivity level was significantly higher for type C and equaled 75%, whilst for D was estimated at the level of 63.3%. The accuracy of validated method varied from 72% for C to 81.3% for D type. LOD50 was 0.272 (0.188-0.395) spor/g for C and 0.17 (0.1-0.289) spor/g for D (Table 4) .
On the surfaces of Willis -Hobbs agar and FAA characteristic growth of C. botulinum group III strains was observed. The isolated strains displayed luminescence zone described in literature as "pearl layer", which indicates lipolytic properties. The size of colonies varied from about 3 mm on the surface of Willis -Hobbs agar to 5 mm on FAA. Colonies were irregular and had no proteolytic properties.
The positive PCR products for samples from animals with botulism symptoms were obtained. In the sample of mallard duck intestines, C toxin was detected, while in two samples of examined silages, the presence of D toxin was shown. The results obtained for toxins C and D showed 99% identity with sequences of bont/C and bont/D deposited in GenBank (NCBI) (Fig. 1) . From naturally contaminated samples, the isolation process on Willis -Hobbs and FAA media was unsuccessful. The detection was possible only at the stage of liquid culture. From one of the mentioned cases (silage sample), a strain phenotypically similar to C. botulinum was isolated, which was unable to produce botulinum toxins and was without bont-Lc and ntnh genes. 
Discussion
The results obtained showed that validated procedure enabled highly specific detection of ntnh, bont/C-Lc, and bont/D-Lc genes at the stage of liquid culture.
Previously described results from the validation of PCR method used for detection of A, B, E, and F C. botulinum types in ground grain (8) are comparable with these from the study. Statistically significant differences exist between LOD50 obtained from the validation of PCR for A, B, E, and F types in food samples (8) and the results of LOD50 achieved in this study. The values of LOD50 were approximately 10 times higher in the case of corn silage samples examination. This fact could be explained by inhibition of C. botulinum growth and PCR. The inhibitory effect could be caused by natural microflora, such as: other Clostridium strains, which reveal faster growth (C. perfringens, C. tetani), Staphylococcus, and Bacillus. Moreover, the PCR amplification could be affected by heavy metals occurring in inoculated silage samples (6, 8, 15, 20) . The inhibitory effect of matrix ingredients was also described by other authors who detected C. botulinum in different types of samples. Fach et al. (6) used PCR for the detection of A, B, E, and F types in food samples with the limit of detection 10 -1 cfu/g. Lindström et al. (15) presented mPCR method for the detection of the toxins in food and faeces matrixes. The limit of detection for faeces was from 10 -1 to 10 3 spore/g, whereas for fish and meat samples it ranged from 10 -2 to 10 -1 spore/g. Dahlenborg et al. (5) showed difficulties with the detection of C. botulinum spores in faecal samples, which was possible only at the higher levels of 10 1 -10 2 spore/g. Generally, the data connected with detection of C and D C. botulinum types with PCR based method is rarely presented in the literature. An extensive part of the available literature concerns the occurrence of this microorganism in food, faecal, and environmental samples (6, 8, 15, 18) . Furthermore, the scale of C. botulinum and especially the occurrence of C and D types in feed is underestimated. For this reason, the protocol described in the present study could be useful in the examination of samples from botulism cases. However, the recent literature data indicates the occurrence of strains, which are able to produce mosaic toxins BoNT/CD and BoNT/DC. The differentiation between the mentioned subtypes is impossible by the procedure presented in this study. The problem of the occurrence of CD and DC mosaic strains has been pointed out by Woudstra et al. (22) who described the presence of the strains in 49.3% of analysed samples (144/292) associated with occurrence of botulism in wild birds, poultry, and bovines. The authors of this study (22) reported the development of low-density macroarrays based on the GeneDisc cycler platform (Pall-Gene-Disc Technologies) applied to the simultaneous detection of the C. botulinum subtypes C, C-D, D, and D-C. The use of this method could enable avoiding the problem concerning differentiation between the mentioned subtypes.
During the examination of artificially contaminated silage, the isolation of C. botulinum was conducted without any disturbances. Whereas, the isolation from naturally contaminated samples of silages and mallard duck intestines was impossible using the procedure described. The DNA from samples associated with botulism cases were extracted from liquid culture. From one of the botulism cases, the strain phenotypically similar to C. botulinum was isolated. The strain had no the ability to produce botulinum toxins and had no ntnh and bont/C, and bont/D genes. This problem could be partly connected with the diversity of neurotoxin producing clostridia. The ability to produce toxins by toxinotypes C and D of C. botulinum and their mosaic structures is encoded on separate pseudolysogenic bacteriophages (cultures of toxigenic strains can be cured of their prophages, stopping the production of toxins, but can be converted to a toxigenic state by reinfection by phages). The type of the toxin produced is determined by a specific phage, which infects the bacterium (13, 20) . Other species of clostridia, such as C. novyi and C. haemolyticum, are also classified to the third metabolic group of C. botulinum -like strains (4). The strains have very similar biochemical properties, but do not reveal the ability to produce BoNT. Similar problems with C. botulinum isolation was also described by Saeed (20) , who reported problems with C. botulinum isolation from silage samples connected with "equine grass sickness", as well as by Gryko et al. (10) , who described difficulties with loosing the toxigenicity by C. botulinum strains during culturing process.
The described PCR-based procedure allows the detection of C. botulinum C and D types at the stage of liquid culture. This fact enables the examination of feed samples without isolation process. The presented methods could facilitate diagnosis of botulism by faster and specific laboratory examinations.
